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The Lattice Setup
— p4fat7-action

Adding irrelevant operators ( →
a→0

0 ):
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The coefficients are determined that way to make the free quark
propagator rotational invariant up to O(p4). → p4-action
[Karsch, Heller, Sturm (1999)] (now p4fat3)

Incorporate MILC-type smearing:

x
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c1 = 1/8 c3 = 1/16 c5 = 1/64 c7 = 1/384

I coefficients are chosen such that the couplings of quarks to
gluons of momentum π/a are compleatly suppresses.

[Orginos, Toussaint, Sugar, 1999]
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eliminates the “cut-off”
effects of order O(a2)

(tree-level improvement O(g0))

Symanzik improved

[Weisz, Wohlert (1984)]

Properties of the p4-action:
improved rotational symmetry of the
free quark propagator: O(p4)
improved flavor symmetry
due to “fat-links”

(tree-level improvement: O(g0))
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The Lattice Setup
— p4fat7-action

Goal:
I almost realistic quark mass spectrum

(2+1 flavor with a realistic strange quark, and almost realistic light quark masses,
mπ ≈ 200 MeV)

I exploring the continuum limit
( a ≈ 0.1 − 0.2 fm −→ Nt = 4, 6, 8)

I analyzing the thermodynamic limit
( V <

∼
500 fm3

−→ Ns = 8, 16, 32)

First Step:

I three flavor QCD
( Nf = 3, mPS/mV >

∼
0.2)

I lattice spacings: Nt = 4, 6 and Ns = 8, 16, 32
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Preliminary Results
— Order Parameters and Susceptibilities

Chiral Condensate:
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� a small beta separation enables a Ferrenberg-Swendsen analysis

� the transitions becomes stronger for mq small

� critical couplings can be determined by the peak position of the susceptibilities
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� the transitions becomes stronger for mq small

� critical couplings can be determined by the peak position of the susceptibilities
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Preliminary Results
— The Critical Tempreature

Critical Coupling βc:
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p4fat7, 163x6

� the two actions show rather
different critical couplings

� p4fat7 is shifted to smaler β = 6/g2

(−→ larger g)

� the beta separation:

βc(Nt = 6) − βc(N = 4)

is small for p4fat7
(−→ ∂a/∂β large)
(−→ βc has to be determined very

accurately)
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Preliminary Results
— The Critical Tempreature

The Scale:
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� calculate zero temperature hadron
masses at βc

e.g. amV (βc(Nt))

(−→ Tc/mV = 1/amV (βc(Nt))Nt)

� consistency check between two actions

� p4fat actions show little cut-off effects
for (mPS/mV )2 ≈ (0.4 − 1)

� for (mPS/mV )2<
∼

0.4 more statistics
required

� at the moment Tc ≈ 145 MeV favored
(in the chiral limit of Nf = 3)
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Preliminary Results
— The Critical Tempreature

Next Steps:
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� improve scale calculation: heavy quark
potential

r2 (∂V/∂r)|r=r0
≡ 1.65

r0 = 0.5 fm

� switch to (2+1)-flavor

� start calculation of equation of state

Goal:

I almost realistic quark mass spectrum
(2+1 flavor with a realistic strange quark, and almost realistic light quark masses,
mπ ≈ 200 MeV)
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